An extracellular alkaline lipase of alkalophilic Pseudomonas pseudoalcaligenes F-111 was purified to homogeneity. The apparent molecular weight determined by sodium dodecyl sulfate-polyacrylamide gel electrophoresis was 32,000, and the isoelectric point was 7.3. With p-nitrophenyl esters as its substrates, the enzyme shows preference for C 12 acyl and C 14 acyl groups. It was stable in the pH range of 6 to 10, which coincides with the optimum pH range.
Lipases (EC 3.1.1.3, glycerol ester hydrolases) catalyze the hydrolysis of triacylglycerols to glycerol and free fatty acids. They also catalyze the synthesis and transesterification of glyceride (15, 18) . Because of their activities in both aqueous and nonaqueous solvent systems (20) , it has become evident that lipases have considerable applications in industry and medicine (1, 3) . Recently, attention has been focused on the application of alkaline lipase in detergent formulations. Several alkaline lipases with high levels of activity at alkaline pHs were obtained from various microorganisms, such as Achromobacter spp. (14) , Alcaligenes spp. (10) , Bacillus spp. (12) , Humicola spp. (8) , and Pseudomonas fragi (16) . Some of these strains belong to the alkalophilic microorganisms, which are characterized by optimal growth pHs on the alkaline side. We have isolated a bacterium, strain F-111, that was found to secrete an alkaline lipase capable of withstanding high temperatures, detergent treatments, and high alkalinity. The alkaline lipase production of this strain was greatly stimulated by the addition of Triton X-100 (13) . We report here the purification and characterization of this alkaline lipase.
The bacterium strain F-111 was isolated from soil with an olive oil alkaline plate, which contained olive oil as the sole carbon source and 1% Na 2 CO 3 to bring the medium pH to around 10.1. This strain was identified as Pseudomonas pseudoalcaligenes (unpublished data). Although strain F-111 was isolated from an alkaline plate, its optimal growth pH is around 7 to 8. However, this isolate grew well at pHs up to 10.1 in the presence of sodium ions, with an optimal pH at 8 to 9.
Lipase activity was measured by a spectrophotometric method with p-nitrophenyl laurate as the substrate (19) . The assay mixture contained 0.5 ml of buffer A (50 mM Tris-HCl, pH 8.5), 0.5 ml of substrate solution (0.08% p-nitrophenyl laurate and 1% Triton X-100 in 5 mM sodium acetate buffer, pH 5.0), and 20 l of appropriately diluted enzyme solution. The pH of the assay mixture was 8.5. The A 410 of the liberated p-nitrophenol was measured. One unit of enzyme activity was defined as the amount of enzyme required to release 1 mol of p-nitrophenol per min. Since p-nitrophenyl laurate is not stable at a basic pH, the cupric acetate method (11) was used for activity assays in the investigation of the enzyme's pH stability and pH dependency. A cupric acetate-pyridine reagent was prepared as follows: a 5% (wt/wt) aqueous solution of cupric acetate was prepared and filtered, the pH being adjusted to 6.0 with pyridine. To monitor the enzyme reaction in an emulsion system, 0.5 ml of olive oil and 0.5 ml of buffer (buffer A unless otherwise specified) were mixed vigorously for 90 s until the water-oil solution became emulsified, and 50 l of appropriately diluted enzyme was subsequently added to the emulsion mixture and incubated at 37ЊC for 1 h. After the reaction was stopped by adding 1 ml of 6 N HCl, 2 ml of isooctane was added and mixed with the vortexed mixture, and then this mixture was centrifuged. One milliliter of the isooctane layer containing fatty acids was drawn off and then mixed with 1 ml of the cupric acetate-pyridine reagent. The A 715 of the water layer solution was measured.
Strain F-111 was cultivated for 24 h at 30ЊC in nutrient broth with 1% Na 2 CO 3 . The culture was inoculated to 2% into 500 ml of a medium containing 0.4% olive oil, 1% soybean meal, 1.5% peptone, 0.5% yeast extract, 0.3% KH 2 PO 4 , 0.04% MgSO 4 ⅐ 7H 2 O, 0.2% Triton X-100, and 1% Na 2 CO 3 in a 3-liter shaking flask. Growth was carried out at 30ЊC with 250-rpm agitation. The highest level of lipase activity was reached after 20 to 22 h of cultivation. The final pH of the growth medium was 8.5. The culture was chilled rapidly to 4ЊC, and then the cells were removed by centrifugation. Calcium chloride was added to a final concentration of 5 mM to the cell-free culture supernatant. After standing at 4ЊC overnight, the solution was centrifuged to remove particles. Cold acetone was then added to a final concentration of 60% (vol/vol). The resulting precipitate, collected by centrifugation, was dissolved in a minimal volume of buffer AT (buffer A containing 0.05% Triton X-100). The enzyme solution was dialyzed overnight against the same buffer. After lyophilization, the concentrated enzyme solution (65 ml) was applied to a Sephadex G-100 column (4 by 120 cm) and eluted at a flow rate of 40 ml/h with buffer AT. Ammonium sulfate was added to the pooled enzyme solution to a final concentration of 0.5 M. The enzyme solution was then applied to a Toyopearl phenyl 650M column (2.0 by 18 cm) which was preequilibrated with buffer A containing 0.5 M ammonium sulfate. After the column was washed with 300 ml of buffer A containing 0.5 M ammonium sulfate and 300 ml of 50% ethylene glycol in buffer A, the enzyme was eluted with 70% ethylene glycol in buffer A. The flow rate was 60 ml/h. Active fractions were pooled and dialyzed against buffer AT. After lyophilization, the concentrated enzyme solution (30 ml) was applied to the second Sephadex G-100 column (2.4 by 120 cm) and eluted at a flow rate of 25 ml/h with buffer AT. The active fractions were pooled, concentrated by lyophilization, dialyzed, and stored at Ϫ20ЊC. The alkaline lipase preparation obtained by the procedure described above was proved to be homogeneous by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) (data not shown) and aminoterminal amino acid sequence analysis.
The purification results are summarized in Table 1 . A 140-fold purification was obtained with a recovery of 15%. The specific activity of the purified enzyme was 5,920 U/mg of protein as determined by the spectrophotometric method. The protein concentration was determined by the method of Bradford (5) . The use of the first Sephadex G-100 column chromatography step seems unnecessary, but this step can remove most of the colored substances. The phenyl 650M column chromatography step can remove many other proteins or small molecules which may interfere with the separation at the first Sephadex G-100 column step. This may contribute to the high efficiency of the second Sephadex G-100 gel filtration.
The purified enzyme was resolved as a single band with an M r of 32,000 as determined by SDS-PAGE. The enzyme appears to have a strong tendency to aggregate. In native PAGE experiments (pH 8.3), a major part of the purified lipase failed to penetrate into the separating gel. The isoelectric point was estimated to be 7.3 with the denaturing isoelectric focusing system, which used an 8% polyacrylamide gel containing 8 M urea and 2.4% ampholine, of pH range 3.5 to 10 (4). The amino acid sequence of the first 20 residues at the aminoterminal region of the alkaline lipase was determined by gas phase sequencing and compared with those of two lipases from Pseudomonas pseudoalcaligenes M1 (2) and Pseudomonas aeruginosa TE3285 (17) (Fig. 1) . Sequence homologies at the amino-terminal region between the F-111 alkaline lipase and those of P. pseudoalcaligenes M1 and P. aeruginosa TE3285 are 75 and 67%, respectively.
As shown in Fig. 2A , the alkaline lipase was most active in the pH range between 6.0 and 10.0. This enzyme was found to be stable in the same pH range (Fig. 2B) . The optimal reaction temperature was 40ЊC. Thermal stability was investigated by incubating the enzyme in buffer A at various temperatures for 1 h. The enzyme showed great stability up to 70ЊC.
The enzyme was found to be active on a wide range of natural substrates of either vegetable or animal origin. It hydrolyzed various natural lipids at different rates. If the level of hydrolysis activity for olive oil was taken as 100%, then the relative levels of activity were 128% for linseed oil, 108% for soybean oil, 99% for peanut oil and sunflower oil, 95% for fish oil and corn oil, 92% for sesame oil, and only 62% for safflower oil, which contains higher amounts of polyunsaturated fatty acids (C 18:2 and C 18:3 ). Table 2 shows levels of hydrolytic activities toward various p-nitrophenyl esters of the enzyme together with those of the Pseudomonas fluorescens AK102 lipase (9) and Bacillus subtilis 168 lipase (12) . For the F-111 alkaline lipase, laurate (C 12 ) and myristate (C 14 ) esters were clearly favored and much lower levels of lipolytic activity were observed with short-chain fatty acid esters.
The effects of various metal ions and chelating agents on activity levels were examined by assaying the remaining activity after incubating the enzyme with 1 mM metal ions for 1 h at 
FIG. 2. Effects of pH on alkaline lipase activity (A) and stability (B). (A)
Enzyme activity was assayed in buffers of different pH values by the cupric acetate method as described in the text. (B) The enzyme was incubated in buffers of different pH values for 1 h at 30ЊC, and the remaining levels of activities were estimated at pH 8.5 by the spectrophotometric method described in the text. The buffer systems (50 mM) used were CH 3 COOH-CH 3 COONa (pH 4.5 to 5.5) (s), KH 2 PO 4 -Na 2 HPO 4 (pH 5.5 to 8.0) (ᮀ), Tris-HCl (pH 7.0 to 9.0) (F), and Na 2 CO 3 -NaHCO 3 (pH 9.0 to 11.0) (E). ) as well as the metal chelators EDTA and o-phenanthroline did not significantly affect the enzyme activity. However, lipolysis was greatly inhibited by 1 mM diisopropyl fluorophosphate. This might indicate that diisopropyl fluorophosphate was almost bound to a serine residue at the catalytic site presumably responsible for enzyme catalysis.
The effects of various detergents on the alkaline lipase activity were tested at the concentration of 0.1% (wt/vol). None of the cationic surface-active agents tested (SDS, sodium tripolyphosphate, sodium dodecyl benzene sulfonate, and sodium alkylbenzene sulfonate) affected the enzyme activity. The nonionic surface-active agents, on the other hand, showed an activating effect. When the level of enzyme activity in the absence of detergent was taken as 100%, the activities in the presence of 0.1% polyoxyethylene octyl phenyl ether (Triton X-100), polyoxyethylene sorbitan monooleate (Tween 80), and sorbitan monooleate (Span 80) were 149, 111, and 134%, respectively. Neither stimulation nor inhibition by cholic acid was observed. Table 3 summarizes the general properties of the alkaline lipase of F-111 together with those of alkaline lipases from P. pseudoalcaligenes M1 (2), P. fragi 22.39B (16) , P. aeruginosa EF2 (7), and P. fluorescens AK102 (9) . The isoelectric point of the F-111 alkaline lipase is 7.3, which is close to that of P. fragi, 7.0, but much higher than those of the other lipases. The F-111 alkaline lipase has perhaps the broadest pH optimum of the Pseudomonas lipases compared (Fig. 2) . The optimal pHs of the other four alkaline lipases are around 8 to 10. In contrast, the F-111 alkaline lipase shows almost the same activity level in the range of 6 to 10. The investigation of specificity of the F-111 lipase for p-nitrophenyl ester revealed that C 12 and C 14 are the favored substrates. This specificity appears to be different from those of other lipases. Detailed characteristics of the M1 lipase have not been published; therefore, further comparison of this lipase with the F-111 lipase cannot be done. It should be mentioned that production of M1 lipase was carried out in a medium with a pH of 7.0 (6). This is in clear contrast to F-111 lipase, which was produced in alkaline medium (13).
The lipase described here differs from those reported hitherto in at least one of the following aspects: molecular weight, pI, optimum pH, optimum temperature, chemical stability, and substrate specificity. All these results suggest that P. pseudoalcaligenes F-111 produces a novel alkaline lipase. Given its resistance to detergents, rather high pHs and temperatures, and most metal ions, this enzyme is a good candidate for detergent applications.
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